Abstract-
I. INTR ODUCTION

S
IGN
AL detection in the presence of impulsive channel noise has been considered extensively in the past (for e xample, in [1]- [5] and references therein), while detection of a direct-sequence spread-spectrum (DS-SS) signal under similar channel conditions has been studied in [6] and [7] , and more recently in [8] and [9] . Receiver proposals in [6] and [7] in volve the use of either a conventional signature matched filter or a majority-vote receiver (hard-limiter nonlinearity per chip followed by signature matched-filtering). In [6] , it is reported that neither one of the above proposals is universally effective ag ainst the combination of SS interference and non-Gaussian impulsi ve noise. The work in [8] follows the principles of minimax M-estimator designs [10] and presents a robust v ! ersion of the familiar decorrelating DS-SS detector [11] under " the assumption that the signatures of all SS interferers are known. To handle unknown SS interference, a minimax Paper approved by G. Caire, the Editor for Multiuser Detection and CDMA of the IEEE Communications Society. Manuscript received January 23, 1999; revised November 22, 1999 and March 25, 2000 . This work was supported by the subspace detector that relies on eigendecomposition of the input autocorrelation matrix is also proposed in [8] . In [9] , adapti ve receivers are developed that are composed of a vector of adaptive chip-based nonlinearities followed by an adaptive linear ' tap-weight filter. The structures proposed in [9] tap the relative merits of both nonlinear and linear signal processing and exhibit robust performance in the presence of unknown combined ( impulsive and SS interference. In particular, the nonlinear receiver front-end adapts itself to the unknown pre ) vailing impulsive noise environment, while the adaptive linear ' tap-weight filter that follows the nonlinearly processed chip ( samples combats effectively the unknown SS interference. This 0 article enhances our previous work in [9] in the following aspects.
The receiver design objective is shifted to superior bit-error-rate 1 (BER) performance under rapid short-data-record adaptation.
In addition, the signal model is generalized to account for multipath signal reception and a new Hampel-type nonlinear 2 preprocessor is considered that encompasses the preprocessors 
III. RECEIVER ARCHITECTURE
For the multipath signal model of the previous section, the general receiver structure under consideration is given in Fig. 1(a) . The receiver consists of a nonlinear front-end in the form of a vector of parametrized nonlinearities : , and are positive cutoff parameters to be determined adaptively. The real-valued version of (4) is shown in Fig. 1 followed by processing by a weighted sum of "dominant" eigenvectors of the blocked-data autocorrelation matrix. While the eigenvector weights are usually " mean-square-optimum designed, there have been many proposals for the choice of an eigenvector "dominance" criterion. Unconditional, vector optimization of the AV weights requires an explicit or implicit matrix inversion operation and was also investigated in [27] and [28] (filter " "). The latter can be shown theoretically to be equivalent to the orthogonal multistage decomposition filter in [29] . In this paper, we maintain our conditional statistical optimization approach, and in addition, we relax the orthogonality condition among the auxiliary vectors: we require ,
5
,t The superscript that appears in (6) is intended to serve as a reminder that any specific choice for the scalar and the vector needs to account for the nonlinear Hampel preprocessor in Fig. 1 . The receiver architecture that incorporates postf 6 iltering by in (6) is shown in Fig. 2 . In contrast to direct minimum output variance optimization that leads to the optimum filter in (5) [9], we choose an auxiliary vector that satisfies the orthonormality constraint in (7) and maximizes the magnitude of the cross correlation between points (a) and (b) of the receiver structure in Fig. 2 The BER results that we present are averages over 100 randomly drawn channels and ten receiver realizations per ) channel. We notice that the Hampel-MVDR postprocessor combination ( as in [9] suffers from severe "data starvation" for data 7 records of this size ( samples).
The subspace minimax detector shows no signs of data starvation, but its performance [6] B. Aazhang and H. V. Poor, "Performance of DS/SSMA communications in impulsive channels-Part II: Hard-limiting correlation receivers," IEEE Trans. Commun., vol. 36, pp. 88-97, Jan. 1988. [7] , "An analysis of nonlinear direct-sequence correlators," IEEE Trans. Commun., vol. 37, pp. 723-731, July 1989 Processing, vol. 45, pp. 492-496, Feb. 1997 
